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Context. Superclusters of galaxies can be used to test cosmological models of the formation and evolution of the largest structures in 
the cosmic web, and of galaxy and cluster evolution in superclusters. 

Aims. We study the distribution, masses, and dynamical properties of galaxy groups in the A2142 supercluster. 

Methods. We analyse the global luminosity density distribution in the supercluster and divide the supercluster into the high-density 
core and the low-density outskirts regions. We find galaxy groups and filaments in these regions, calculate their masses and mass-to- 
light ratios and analyse their dynamical state with ID and 3D statistics. We use the spherical collapse model to study the dynamical 
state of the supercluster. 

Results. In the A2142 supercluster rich groups and clusters lie along an almost straight line forming the 50 Mpc long main body 
of the supercluster. The A2142 supercluster has a very high density core surrounded by lower-density outskirts. The total estimated 
mass of the supercluster is Mest = 6.2 x IO'^Mq. More than a half of groups with at least ten member galaxies in the supercluster lie 
in the high-density core of the supercluster, centred at the X-ray cluster A2142. Most of the groups in the core region are multimodal. 
In the outskirts of the supercluster, the number of groups is larger than in the core, and groups are poorer. The orientation of the axis 
of the cluster A2142 follows the orientations of its X-ray substructures and radio halo, and is aligned along the supercluster axis. The 
high-density core of the supercluster with the global density D8 >17 and perhaps with D8 >13 may have started to collapse. 
Conclusions. A2142 supercluster with collapsing core and straight body, is an unusual object among superclusters. In the course of 
the future evolution, the supercluster may split into several systems. 
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Galaxy supercl usters are the largest relatively isolated systems 


in the Universe dde VaucouleursI 

956; Abellll958l .Joeveer et al.1 

ll978HEinasto et al. 

1980hl 1984 

1994 Zucca et al.l 

1993h. Sii- 



perclusters, with their high-density environment and complex in¬ 
ner structure, are excellent laboratories with which to study the 
prope rties and evolution of galaxies and the groups of galaxies in 


them ( 

Einasto et al.l 2007bl Swinbank et al.l 

20071 Einasto et al. 

20081; 

Gal et all 20081 Faloon et al. 20131 

Crause et al. 

2013; 

Lunarello et al.ll2013l; ISchirmer et al. 1201 ll 

iinasto et al.1 

2014; 

Chon et al.1 2014 IChow-Martmez et al.ll2014 

:Uee et al.ll201.5h. 


The contemporary cosmological paradigm tells us that the 
formation and evolution of the cosmic web is governed by 
gravitational attraction of the dark matter (DM), and repul¬ 
sion of the dark energy (DE). Superclusters, which are the 
largest galaxy systems in the Universe, can be used to test cos¬ 
mological models in many different ways. Their sizes, rich¬ 
ness, masses, and frequencies have to be reproduced by cos¬ 
mological models dEinasto et al.ll200^ ISheth & DiaferiolUOl b 
iPark et a02012h . their evolution may lead to virialised structures 
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in the future dArava-Melo et alJ l2009t iLunarello et al.l l201 ll : 
IChon et ^ l2015l) , a few systems among t hem may already 


have started collapsing (Small etal. 19981 Reisenesue 

et al.l 

2000: Gramann & Suhhonenkol 20021 

Pearson et al. 

2014 

Teerikorpi et al.ll2015b. Nearby superclusters can be studied us- 


ing galaxy velocity field dTullv et al.ll2014ll . The spatial distribu¬ 
tion of supercluste rs can be used as a test for characteristic scales 
in the cosmic web (|Einasto et alJlT^ll997bKHong et alJl20H 

iRoukema et alJl2015l) . Sunerclusters may em bed large amounts 

of warm-hot intergalac tic medium (WHIM) dRines et al.ll200ll : 
iNevalainen et al.l I20l4 and references therein). Superclusters 
and supervoids can leave impri nts on the cosmic m icrowave 
background as hot and cold spots dGranett et al.ll200^ and refer¬ 
ences therein). 


Galaxy superclusters have complex inner structures which 
can be quantified with morphological descriptors such as 
Minkowski functionals. The morphology o f superclusters can 
be used as a test for cosm ological models dKolokotronis et af] 
I 2 OO 2 I : lEinasto et alJl2007all3) . Th e morphology of superclu sters 
has been stud i ed, for e xample, by Costa-Du yte et al] d201 ll) and 
lEinasto et alJ d2007cll . lEinasto et al.l d2007d.l201 Ic ) found in the 
large morphological variety of superclusters two main types of 
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superclusters, filaments and spiders. In filaments high-density 
core(s) of superclusters are connected by a small number of 
galaxy chains (filaments). In spiders there is a large number of 
galaxy chains between high-density cores in superclusters. Poor 
spider-type superclusters are similar to our Local Supercluster 
with one rich cluster and filaments of galaxies and poor groups 
of galaxies around it (lEinasto et al.ll200^ . lEinasto et al.l (120141) 
showed that galaxy content of filament- and spider-type super¬ 
clusters differ; filament-type systems contain relatively more red, 
passive galaxies than spider-type systems. A large morpholog¬ 
ical variety of superclusters and their ga laxy content has not 
yet rep roduced by cosmological models (lEinasto et al.l l2007a 
12011 (ill . 

Am ong the galaxy superclusters an alysed in Einasto et al.l 
(I 2 OI id) , the supercluster SCI 001 from iLiivamagiet al.l (12012 ) 
list of superclusters (we call it the A2142 supercluster because 
of the brightest galaxy cluster in the supercluster, Abell cluster 
A2142) has an exceptional shape and density. The main body 
of the supercluster is a 50 /z ' Mpc straight filament of galaxy 
groups and c l usters, it is the only supercluster in the study by 
lEinasto et al.l (1201 id) with such a shape. In addition, in this su¬ 
percluster the value of the luminosity d ensity in the Sloan Dig - 
ital Sky Survey (SDSS) is the highest (iLiivamagi et al.ll2012h . 
Exceptional objects are always interesti ng; they may repre¬ 
sent a challenge for co s mological mode ls (lEinasto et al.ll2007a: 
ISheth & Diaferioll201 lll^k et al.ll2012l) . 


The goal of the present study is to analyse the structure of 
the A2142 supercluster as determined by galaxy groups, clusters, 
filaments and single galaxies. We analyse the global density dis¬ 
tribution in the supercluster, divide the supercluster into a high- 
density core and lower-density outskirts regions, and analyse the 
properties of these regions. We apply ID and 3D tests as esti¬ 
mators of the dynamical state of groups and clusters in regions 
of different global density. We use a spherical collapse model 
to find whether this supercluster may already be collapsing. In a 
forthcoming paper we shall analyse the galaxy populations in the 
A2142 supercluster. This is the first detailed study of the A2142 
supercluster. 

At http://WWW.aai.ee/~maret/SClIstructure.html 
we present an interactive 3D model showing the distribution of 
galaxies in the regions of different global density in the A2142 
supercluster. 

We assume the standard cosmological parameters; the Hub¬ 
ble parameter Hq = 100 h km s ' Mpc ', the matter den- 
sity Qm = 0.27, an d the dark energy density Da = 0.73 
dKomatsu et al.ll2()Tlh . 


2. Data 

We use the MAIN sample of the 8 th and 10th data release of the 
Sloan Digital Sky Survey dAihara et al.ll20 lit lAhn et al1l2014ll 
with the apparent Galactic extinction corrected r magnitudes 
r < 11.11, and the redshifts 0.009 < z < 0.200. We corrected the 
redshifts of galaxies for the mo tion relative to the CMB and com¬ 
puted the comoving distances dMartmez & Saarl|2002l) of galax¬ 
ies. Eor details of sample s electi on we refer to ILiivamagi et akl 
d2012h . lTemDel et ^ d2012l) . and lTemnel et al.l d2014bl) . 

2.1. Luminosity density fieid and superciusters 

We calculate the galaxy luminosity density field to reconstruct 
the underlying matter distribution, and to determine supercius¬ 
ters (extended systems of galaxies) in the luminosity density 


field at the smoothing length 8 /; * Mpc using B 3 spline ker¬ 
nel. We created a set of density contours by choosing a den¬ 
sity thresholds and defined connected volumes above a certain 
density threshold as superciusters. In order to choose the proper 
density level for determining individual superciusters, we anal¬ 
ysed the properties of the density field superciusters at a series 
of density levels. As a result we used the density level D 8 = 5.0 
(in units of mean density, fmean = L65T0“ 
mine individual superciusters. At this density level superciusters 
in the richest chains of superciusters in the volume under study 
still form separate systems; at lower density levels they join into 
huge percolating systems. At higher threshold density levels su¬ 
perciusters are smaller and there are fewer superciusters. The 
calculation of the luminosity density field and determinatio n of 
superciusters is described in detail in ILiivamagi et al.l (l2012l) . 

The morphology of supe rciusters up t o a d istance of 
340 /;“’ Mpc was determined in lEinasto et al.l (l2012all who clas¬ 
sified superciusters as filaments and spiders on the basis of 
their morphological information and visual appear ance. The de¬ 
tails about sup ercluster morphology are given in lEinasto et al.l 
(12007^ IMT3) . 

In Table [1] we present dat a about the A2142 s upercluster, 
classified as a filament-type in lEinasto et al.l (1201 idl . The max¬ 
imum global density in A2142 supercluster is D 8 = 21.6, this 
is the highest in the whole SDSS volume (in ILiivamagi et al.l 
I 2 OI 2 L the volume used to determine superciusters was V - 
0.132 (/z^'Gpc)^). Eigure [T] shows the location of the A2142 
supercluster among neighbouring relatively rich superciusters. 
The A2142 supercluster is surrounded by voids. The nearest 
rich supercluster to the A2142 supercluster is the Corona Bo¬ 
realis supercluster at the distance of about 40 /z * Mpc. The 
di stribution of r i ch supe rciusters was described in more detail 
in lEinasto et al.l (1201 Ich . In Eig. |2] we plot the sky distribu¬ 
tion of galaxies in the A2142 supercluster. Eigure |2] shows that 
galaxy groups and clusters in this supercluster lie along an al¬ 
most straight line on the plane of the sky. Such a straight filament 
as the main bod y of the supercluster i s unique among supercius¬ 
ters analysed in Einasto et al.l (1201 Ich . 


2.2. Gaiaxy groups 

We selected galaxy groups belonging to the A2142 superclus¬ 
ter from the group catalogue based on the 10 th data rel ease 
of the Sloan Digital Sky Suryey by iTempel et al.l (12014bl) . In 
this catalogue galaxy groups were determined using the friends- 
of-friends cluster analy sis r nethod introduced in cos mology by 
IZeldpyich et al.l (Il982h and iHuchra & Gellerl (Il982h . A galaxy 
belongs to a group of galaxies if this galaxy has at least one 
group member galaxy closer than a linking length. In a flux- 
limited sample the density of galaxies slowly decreases with dis¬ 
tance. To take this selection effect into account properly when 
constructing a group catalogue from a flux-limited sample, the 
linking length was rescaled with distance, calibrating the scaling 
relation by obseryed groups. As a result, the maximum sizes in 
the sky projection and the yelocity dispersions of our groups are 
similar at all distances. The details about the data reduction, the 
group finding proced ure, and the descriptio n of the group cata¬ 
logue can be found in lTemnel et al.l (l2014bll . 

The A2142 supercluster embeds 14 galaxy groups with at 
least ten member galaxies. We list them in Table |2] The richest 
group, Gr 3070, corresponds to the Abell cluster A2142. Eigure|3] 
shows the distribution of galaxy groups in cartesian coordinates. 
Galaxy groups in the A2142 supercluster coyer only a narrow 
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Table 1. General properties of A2142 supercluster. 


(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

ID 

^gal 

Agr 

^10 

'^peak 
[h-^ Mpc] 

O 0 

1 

o 

O 

Diam 
[h-^ Mpc] 

max 

239H-027-H009 

1038 

108 

14 

264.5 

1591.5 

50.3 

21.6 


Notes. Columns in the Table are as follows: (1): the supercluster ID AAA+BBB+ZZZ, where AAA is R.A., +/-BBB is Dec., and ZZZ is lOOz; 
(2): the number of galaxies in the supercluster, (3): the number of groups in the supercluster, Ngr; (4): the number of groups with at least 

10 member galaxies in the supercluster, Njq; (5): the distance of the density maximum, rfpgak’ weighted luminosity of galaxies in 

the supercluster, Tfotl 0)'- the supercluster diameter (the maximum distance between galaxies in the supercluster), Diam; (8): the maximal value 
of the luminosity-density field calculated with the 8 Mpc smoothing kernel, D8,„ax, in units of the mean density as described in the text. 


Table 2. Data on groups in the A2142 supercluster with at least ten member galaxies. 


(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

(11) 

(12) 

No. 

ID 

Agal 

R.A. 

Dec. 

Dist. 

CTy 

^ max 

^tot 

-^dyn 

MIL 

D8 




[deg] 

[deg] 

[h-^ Mpc] 

[km s"'] 

[h-^ Mpc] 

[10'°/!-2Lo] 


[/zMq/Lq] 


1 

10570 

27 

238.53 

27.47 

268.57 

247.76 

1.26 

51.3 

59.5 

116.2 

13.65 

2 

3070 

212 

239.52 

27.32 

264.64 

769.02 

2.39 

382.0 

906.5 

237.3 

20.70 

3 

4952 

54 

239.78 

26.56 

260.11 

447.24 

1.30 

111.0 

214.4 

193.1 

17.13 

4 

32074 

11 

240.11 

26.71 

262.42 

337.05 

0.61 

15.7 

59.5 

378.2 

19.89 

5 

35107 

10 

240.13 

27.01 

258.69 

221.02 

0.77 

13.9 

30.3 

218.4 

14.20 

6 

14960 

27 

240.20 

25.87 

263.58 

382.58 

1.30 

46.6 

147.5 

316.6 

15.32 

7 

17779 

20 

240.38 

26.16 

261.06 

371.74 

1.15 

35.1 

104.1 

296.9 

16.39 

8 

6885 

32 

240.75 

25.40 

258.85 

428.12 

1.22 

70.5 

164.1 

232.8 

11.38 

9 

21183 

21 

240.83 

26.95 

265.02 

280.10 

1.29 

36.5 

61.2 

167.6 

15.20 

10 

20324 

11 

240.95 

24.95 

259.72 

335.77 

0.73 

17.4 

77.5 

446.2 

10.42 

11 

10818 

28 

241.23 

24.52 

259.56 

328.02 

1.29 

51.3 

105.1 

205.1 

9.31 

12 

14283 

19 

241.90 

23.21 

260.28 

323.03 

0.86 

34.4 

65.1 

189.0 

7.27 

13 

10224 

32 

242.91 

21.02 

254.55 

633.40 

0.86 

60.4 

232.5 

385.0 

6.01 

14 

26895 

12 

243.08 

20.77 

254.80 

257.42 

0.92 

16.5 

49.1 

297.9 

5.91 


Notes. Columns are as follows: (1): Order number of the group; (2): ID of the group from lTemnel et al.l(l2014bh (Gr 3070 correspond to the Abell 
cluster A2142); (3): the number of galaxies in the group, Agai; (4)-(5): group center right ascension and declination; (6): group center comoving 
distance; (7): rms velocity of galaxies in the group; (8): group maximum radius; (9): group total luminosity; (10): dynamical mass of the group 
assuming the NEW density profile, Mdyn; (11): group mass-to-light ratio M/L; (12): the value of the luminosity-density field at the location of the 
group calculated with the 8 /!“* Mpc smoothing length, D8, in units of the mean density as described in the text. 


distance interval («; 255 - 275 h ' Mpc, Table |2]i; therefore, we 
use group data from flux-limited group catalogue. 

2.3. Galaxy filaments 

We use the catalogue of galaxy filaments from the flux-limited 
filament catalogue bv lTemnel et al.l (12014ah that was built by ap¬ 
plying t he Bisous process to the distribution of galaxies as out¬ 
lined in lTemnel et al.l (1201 4ah . From this catalogue we extracted 
galaxy filaments which had at least one member galaxy from 
the A2142 supercluster with distance d < 0.8 Mpc from the 
filamen t axis, as defined for filament members in iTemnel et al.l 
(12014ah . From this initial sample we included in our sample of 
A2142 filaments those with member galaxies with global den¬ 
sity D8 > 4.8. With this limit we excluded those filaments that 
were outgoing from the supercluster to the surrounding voids. 
Our final filament list contains 31 filaments, four which are 
longer than lO/i * Mpc; F00580 with the length of 11.1 /i *Mpc, 
F03116 with the length of 17.2 ' Mpc, F03894 with the length 

of 18.1 Mpc, and F04462 with the length of 19.1 Mpc. 
The shortest galaxy filaments in the A2142 supercluster are 
2 /; * Mpc long; the median length of filaments shorter than 
10 /; * Mpc is 5.6 /i ' Mpc. In total, approximately one-third of 


all galaxies in the A2142 supercluster are filament members. The 
distribution of galaxies in filaments in the sky is plotted in Fig.|4] 
Figured shows filaments radially going out of the central part of 
the supercluster. This is more clearly seen from the 3D model at 
our web pages. We plan to study this feature and other properties 
of galaxy filaments in the A2142 supercluster in more detail in a 
separate paper. 

Catalogues of galaxy superclusters, groups and filaments 
used in this study are available from the database of cosmology- 
related catalogues at http: //cosmodb .to.ee/ 

3. Methods 

3.1. Multidimensional normal mixture modelling 

To search for possible components (substructure) in clus¬ 
ters, we employ multidimensional normal mixture modelling 
based on the analysis of a finite mixture of distributions, in 
which each mixture component is taken to correspond to a 
different component or subgroup in sky coordinates and ve¬ 
locity of galaxies in groups and clusters. The most com¬ 
mon component distribution considered in model-based clus¬ 
tering is a multivariate Gaussian (or normal) distribution. To 
model the collection of components, we apply the Mclust 
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Fig. 1. Distribution of galaxy groups with at least four member galax¬ 
ies in cartesian coordinates (in Mpc) in the neighbourhood of the 
A2142 supercluster. Black filled triangles show groups with at least 
50 member galaxies, empty circles groups with 10 < Agai < 50, and 
crosses groups with less than ten galaxies. Black filled circles show 
galaxy groups in the A2142 supercluster with at lea st four member 

i ;alaxi es. Numbers denote some rich superclusters from iLiivamagi et^ 
2012h list of superclusters: 1 marks the A2142 supercluster (SCI 001), 2 
the Corona Borealis supercluster, 3 the richest supercluster in the Sloan 
Great Wall, 4 the Bootes supercluster llLiivamagi et al.l[2012h . and 5 a 
rich supercluster separated from the A2142 supercluster and the Corona 
Bore alis supercl u ster b y a void. The x, y, and z c oordin ates are defined 
as in iPark et al.l d2007t) and in iDjivarndgi et al.] ( 120121) : jc = -c/sin/i, 
y = d cos A cos rj, and z = d cos A sin 77 , where d is the comoving dis¬ 
tance, and A and rj are the SDSS survey coordinates. 
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Fig. 2. Sky distribution of galaxies in the A2142 supercluster. Red filled 
circles show galaxies in groups and clusters with at least ten member 
galaxies, blue empty circles galaxies in groups with 2 < < 9, and 

grey crosses single galaxies. 



packa ge for classification and clustering dFralev & RaftervI 
1 20061) from R, an open-source fr ee statistical environment 
developed under the GNU GPL dlhaka & Gentlem^ 1 19961 
http://www.r-project.org). This package searches for an 
optimal model for the clustering of the data among models 
with varying shape, orientation, and volume, finds the optimal 



x[Mpc/h] 



o'-'-'-■-'-^- 

-210 -205 -200 -195 -190 -185 -180 

x[Mpc/h] 

Fig. 3. Distribution of galaxy groups in the A2142 supercluster in carte¬ 
sian coordinates. Circle sizes are proportional to each group’s size in 
the sky, numbers are order numbers of groups with at least ten member 
galaxies from Table[2] 


number of components and the corresponding classification (the 
membership of each component). For every galaxy, Mclust cal¬ 
culates the probability of it belonging to any of the components. 
The uncertainty of classification is defined as one minus the 
highest probability that a galaxy belongs to a component. The 
mean uncertainty for the full sample is used as a statistical esti¬ 
mate of the reliabili t y of the results. 

In lEinasto et al.l d2012bll we tested how the possible errors in 
the line-of-sight positions of galaxies affect the results of Mclust, 
randomly shifting the peculiar velocities of galaxies 1000 times 
and searching each time for the components with Mclust. The 
random shifts were chosen from a Gaussian distribution with the 
dispersion equal to the velocity dispersion of galaxies in a clus¬ 
ter. The number of the components found by Mclust remained 
unchanged, demonstrating that the results of Mclust are not sen¬ 
sitive to such errors. 

3.2. One-dimensional tests 

One indicator of multimodality in clusters is the deviation of the 
distribution of the galaxy velocities in clus ters from a Gaussian . 
An early use of the Gaussianity test was bv lEinast^dl 9.521 [l 9.541) 
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Fig. 4. Distribution of galaxies in filaments in the A2142 supercluster 
in the sky (empty circles). Black filled symbols show members of fila¬ 
ments F 03116 (diamonds), F 03894 (squares), F 00580 (circles), and 
F 04462 (triangles). 

where it was applied to test the homogeneity of stellar popula¬ 
tions in our Galaxy. We tested the hypothesis of the Gaussian 
distribution of the peculiar velo cities of galaxi es in clusters with 
the Shapiro-Wilk normality test dShanirollOOSh . which is consid¬ 
ered the best for small samples, and w ith the Anderson -Darling 
test, which is very reliable according to lHou et~^(l2009l) . To test 
for the asymmetry of the distributions of galaxy velocities we 
calculated the kurtosis of t he peculiar velocity distrib ution using 
the Anscombe-Glynn test (lAnscombe & Glvnnll983h from the R 
package moments by L. Komsta and F. Novomestky. Kinematic 
models show that the shape of the velocity distribution of galax¬ 
ies in groups is defin ed by the ratio of different types of galaxy 
orbits (lMerrittl[l987l) . The tests described here serve mostly to 
check if the galaxy velocity distribution is unimodal and sym¬ 
metrical. 

In virialised clusters galaxies follow the potential well of the 
cluster. We would expect that the main galaxies in clusters lie 
at the cent res of groups (group haloes) and have small peculiar 
veloc ities (lOstriker & Tremainell 1 9751 : iMerritlll 1 984 iMalumuthI 
Il992l) . Therefore we calculated the peculiar velocities of the 
main galaxies |vpecl and the normalised peculiar velocities of the 
main galaxies, Vpec.r = It'ped/o'v. where cr,, is group rms velocity. 
In the group catalogue the main galaxy of a group is defined as 
the most luminous galax y in the r-band. We al so use this defini¬ 
tion in the present DaDer. lElnasto et all (l2012bh showed for very 
rich groups with Ng^i > 50 that in groups with the peculiar veloc¬ 
ities of the main galaxies |vpecl < 250 km s“^ (|vpec,rl < 0.5) main 
galaxies are located near the centre of the group. Higher pecu¬ 
liar velocities of the main galaxies suggest that the main galaxy 
is located far from the centre, a sign of a possible dynamically 
young group ^ _ 

Recently iRibeiro et alJ (1201 3h used several methods to anal¬ 
yse the structure and dynamical state of galaxy groups and 
showed that these methods give quite reliable results for groups 
with more than ten member galaxies. To be on the safe side, we 


applied 3D normal mixture modelling to groups with Agai > 20, 
and used groups with Agai > 10 in ID tests. 


4. Results 

4.1. Luminosity density distribution in the A2142 superciuster 



D8 

Fig. 5. Probability density distribution of global densities D8 around 
galaxies in A2142 superciuster. 

Figure |5] shows the probability density distribution of the 
global densities D8 around galaxies in the A2142 superciuster. 
This distribution shows several maxima and minima that can be 
used to divide the superciuster into several global density re¬ 
gions. Table [3] summarises the properties of these global density 
regions in A2142 superciuster, their galaxy, group, and filament 
content, masses, and mass-to-light ratios. In Fig.|6]we show the 
sky distribution of galaxies in different global density regions. 
At http://www.aai.ee/~maret/SCllstructure.htinl we 
present an interactive 3D version of Fig. |6] 

In the highest density core of A2142 superciuster global 
density is as high as D8 > 17, the radius of this region is » 
5-6 /? ' Mpc. Here lie rich clusters A2142 (Gr 3070 in Table|2l 
and Gr 4952 with 54 galaxies. The region with 13 < D8 < 17 
and radius approximately 8 /i ' Mpc embeds five rich groups and 
clusters (see Table |2]l. These regions form the high-density core 
of the superciuster which morphologically resembles a spider 
with many short outgoing filaments. 

In the intermediate global density region where 8 < D8 < 
13 lie three rich groups, the richest group has 28 member 
galaxies. Three rich groups lie in the outskirts of the super- 
cluster with global density D8 < 8. The global density limit 
D8 = 8 is approximately the same as the density limit be- 
tween high-density co res of rich superclusters and their outskirts 
(lEinasto et al.ll2007bh . Figure |6] shows that rich groups and clus¬ 
ters in the A2142 superciuster lie along a straight line in the 
sky plane, forming the 50 /; * Mpc long main body of the su¬ 
perciuster. The high-density core of the superciuster occupies 
approximately one-third of the size of the superciuster, and two- 
thirds is covered by a lower density "tail", therefore the super- 
cluster as a whole is classified as being of filament morphology 
(lEinasto et al.l20lT^ . The number of poor groups with less than 
ten galaxies is more than three times higher in the outskirts than 
in the core region; these groups are mostly very poor, with two 
or three member galaxies. 
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Table 3. Galaxies, galaxy groups and filaments in the core and in outskirts of A2142 supercluster. 


(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

(11) 

D8 

Algal 

fi 

era 

o 

Algr2-9 

Nm 

-^dyn 

-^est 

Lgr 

[10'2/z-2Lq] 

MIL 

[hMo/Lol 

-^est/ ^ 

[hMo/Lo] 

Full scl 

1038 

0.21 

14 

93 

31 

2.90 

4.33 

15.1 

192 

287 

> 17 

300 

0.03 

3 

8 

1 

1.21 

1.38 

5.3 

226 

260 

13-17 

167 

0.10 

5 

8 

2 

0.48 

0.62 

2.5 

198 

248 

8-13 

197 

0.29 

3 

24 

5 

0.54 

0.90 

2.9 

186 

310 

< 8 

374 

0.35 

3 

53 

11 

0.67 

1.41 

4.3 

156 

398 


Notes. Columns are as follows: (1): Global density Z)8; (2): the number of galaxies in a region; (3): the fraction of single galaxies among all 
galaxies in a region; (4): the number of groups with at least ten member galaxies; (5): the number of groups with number of member galaxies 
2 < Agai < 9; (6); the number of galaxy filaments fully embedded in a given region; (7): the total dynamical mass of groups (in case of groups with 
2 and 3 member galaxies we use median mass); (8): the total estimated mass of a region (including faint groups and intracluster gas, see text); (9): 
total luminosity of groups; (10): mean mass-to-light ratio of groups in the region; (11): mean estimated mass-to-light ratio of the region (see text 
for details). 


30 



244 243 242 241 240 239 238 237 

R. A. [degree] 


Fig. 6. Distribution of galaxies in different global density regions in the 
A2142 supercluster in the sky plane. Red filled circles denote galaxies 
in region of global density DS > 17, yellow empty circles correspond to 
galaxies with global density 13 < D& < 17, blue crosses correspond to 
galaxies with global density 8 < D8 < 13, and grey Xs denote galaxies 
with D8 < 8. Numbers are order numbers of groups with at least ten 
member galaxies from Table|^ 


Table |3]shows that the highest density core of A2142 super¬ 
cluster contains almost 30% of all galaxies from A2142 super¬ 
cluster. Almost all galaxies here belong to galaxy groups; only 
3% of galaxies are single. At lower global densities the fraction 
of single galaxies increases, and in the outskirts of supercluster 
they form about one-third of galaxy populations. 

In Table [3 we give the number of galaxy filaments in each 
global density region. Here we list only those filaments that are 
fully inside a given global density region. In our list of filaments 
twelve cross several global density regions. For example, the 
17 /i ' Mpc filament F03116 starts in the highest density core of 
the supercluster and extends to the outskirts of the supercluster. 
Other filaments longer than 10 ' Mpc lie in the global density 


region with D8 <13 out of high-density core of the supercluster. 
Table [3] shows that the number of galaxy filaments increases in 
the outskirts of the supercluster. 


4.2. Masses and mass-to-light ratios 

To calculate total masses and mass-to-light ratios of galaxy 
groups in the regions of different global d ensity we used dynam - 
ical masses of galaxy groups calculat ed inlTemnel et al.l(l2014bl) . 
To calculate masses of galaxy grouns lrbrnnel et al.l (l2014bl) used 
virial theorem, assuming symmetry of galaxy velocity distri¬ 
bution and the Navarro-Frenk-White (NFW) density profile for 
galaxy distribution in the plane of the sky. For a detailed de¬ 
scription ho w the dynami c al mass es of groups were calculated 
we refer to iTemnel et al.l (1201 4bh . For groups with Agai = 2 
and 3 we use the median values of group masses. We also cal¬ 
culated stellar-to-dynamical mass ratios for groups in the core 
and in the outskirts of the superclusters. Data about the stel¬ 
lar masses of gal axies were taken from the MPA-JHU spectro- 
scopic catalogue (iTremonti et al.ll2004l iBrinchmann et al.|l2004h 
in the SDSS CAS database. In this catalogue the different prop¬ 
erties of galaxies are obtained by fitting SDSS photometry and 
sp ectra with the stellar popu lation synthesis models developed 
bv iBruzual & Charlod (l2003h . The stell ar masses of galaxies ar e 
estimated from the galaxy photometry (iKauffmann et al.lF2003h . 

Table[3]presents sums of dynamical masses of galaxy groups 
and mass-to-light ratios in the high-density core and the outskirts 
of the A2142 supercluster. Two mass values are given. First, we 
give the sums of the dynamical masses of galaxy groups in a 
region. In the second case we add to this the estimated mass 
of faint galaxy groups as follows. In each region some galaxies 
are single. They may be the brightest galaxies of faint groups 
in which other member galaxies are t oo faint to be obse rved 
within SDSS survey magnitude limits (iTempel et al.ll200^ . We 
estimated the masses of these faint groups using the number of 
single galaxies in a region, and median masses of groups with 
less then five member galaxies. In additi on, the mass of i ntra- 
cluster gas is about 10% of the total mass (IChiu et al.ll2014l) . we 
added this to the estimated mass and mass-to-luminosity ratio of 
each global density region (Mest and Mest/T in Table[3]). 

Table [2 gives the values of masses for h - \ .0, as used in 
the present paper. The total estimat ed mass of the supercluster 
is Mest = 6.2 X IO'^Mq for h - 0.7 (iPlanck Collaboration et al.l 

IMsI) . 


Article number, page 6 ofM 

































M. Einasto et al.; A2142 supercluster 


Table [3 shows that the highest density regions (D8 > 13) 
with their rich clusters contain most of the mass and most of the 
light of the supercluster, if we calculate masses using group dy¬ 
namical masses. In the outskirts of the supercluster the estimated 
mass is approximately twice as large as the sum of dynamical 
mass of galaxy groups. The supercluster total estimated mass is 
approximately 1.5 times larg er than the sum of dynamical mass 
of galaxy groups and clusters. fChon et aP (1201 4l) showed that the 
bias factor of the mass of superclusters constructed using galaxy 
groups and clusters is approximately 1.83. This suggests that we 
may still underestimate the total mass of the supercluster. 

The ratio of stellar masses to dynamical masses M,/Mdyn of 
groups is 0.017 in the high-density core of the supercluster, and 
0.022 in the outskirts of supercluster. Several studies have shown 
that stellar mass-to-total mass ratio increases toward lower halo 
masses; this may be the reason why this ratio is larger in the 
supercluster outskirts where p oor groups dominate than in the 
core region of the super cluster (!Andreonl2010l ; [^ahcall & Kulied 
l20l4IPatel erZ]l2015h . 

Mean dynamical mass-to-light ratios have the highest val¬ 
ues in the high-density core of the supercluster, and the low¬ 
est values in the outskirts where poor groups with lower values 
of Mdyn/T dominate. Estimated mass-to-light ratios Mest/T have 
higher values in the supercluster outskirts where the fraction of 
single galaxies is the highest, and the difference between the dy¬ 
namical masses and estimated masses is the highest. 

In Table|2]we give dynamical masses, total luminosities, and 
mass-to-light ratios for galaxy groups with at least ten member 
galaxies. 

iBahcall & Kulierl (l2014l) showed that mass-to-light ratios for 
groups MjL ss 400. In our sample only four groups have MjL > 
300 (Table |2]l. These are either rather poor groups with eleven 
member galaxies or groups with substructure for which dynami¬ 
cal masses are not reliable. Mean dynamical group mass-to-light 
ratios are lower in the supercluster outskirts regions with lower 
global density (Table (3). Eight groups with at least ten member 
galaxies lie in the high-density core of the supercluster while the 
low density outskirts is mainly populated by poor groups. So the 
decrease in MjL at lower global densiti es probably reflects group 
richness distribution, in agreement with iBahcall & Kulieil (l2014ll 
who showed that mass-to-light ratios of groups have lower val¬ 
ues for poor groups, and does not depend on large-scale environ¬ 
ment of groups. 

We also calculated stellar masses of groups with at least ten 
member galaxies and stellar-to-dynamical mass ratios. The me¬ 
dian value of the stellar-to-dynamical mass ratio for these groups 
is 0.013, in agreement with other studies, which have found that 
the fraction of stellar mass in groups and clus ters is about 1% 
of the total mass of clusters (iChiu et all 1201 4 and references 
therein). 


Recently, different methods to calculate galaxy group and 
cluster mass e s, and their uncertai ntie s were d i scusse d by 
Noh&CohnI (l2012h : iTullvl (l2015allH) . lOld et all and 


Old et al. ( 20151) compared several mass estimation methods 


using simulated mock galaxy catalogues. The compared mass 
estimation methods can be divided into several classes: abun¬ 
dance matching, richness-based methods, virial theore m, various 
phase-space based methods, caustic technique (see lOld et al.l 
1201 4 1201 51 for references and more details about various meth¬ 
ods). According to th e comparison results the virial theorem 
based method used in iTempel et al.l (12014bh produces quite re¬ 
liable masses with reasonable scatter compared with the true 
masses of the galaxy groups/clusters. 


Table 4. Results of the tests for groups with at least ten member galax¬ 
ies. 


(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

No. 


^pec 

^pec,r 

^comp 

Pad 

Psw 

Pkurt 

High-density core of the supercluster 

1 

27 

236.4 

0.95 

2 

0.330 

0.312 

0.835 

2 

212 

334.4 

0.43 

3 

0.178 

0.170 

0.687 

3 

54 

148.6 

0.33 

3 

0.002 

0.012 

0.806 

4 

11 

284.1 

0.84 

1 

0.137 

0.194 

0.063 

5 

10 

387.4 

1.75 

1 

0.470 

0.453 

0.275 

6 

27 

607.5 

1.59 

2 

0.171 

0.143 

0.038 

7 

20 

565.8 

1.52 

1 

0.502 

0.525 

0.819 

9 

21 

292.6 

1.04 

4 

0.117 

0.083 

0.581 


Low-density outskirts of the supercluster 


8 

32 

659.3 

1.54 

1 

0.764 

0.623 

0.892 

10 

11 

394.5 

1.17 

1 

0.229 

0.150 

0.074 

11 

28 

55.7 

0.17 

3 

0.409 

0.494 

0.475 

12 

19 

358.6 

1.11 

1 

0.874 

0.894 

0.897 

13 

32 

651.1 

1.03 

3 

0.024 

0.028 

0.002 

14 

12 

389.5 

1.51 

1 

0.855 

0.649 

0.344 


Notes. Columns are as follows: (1): Number of a group from Table|2j 
(2): the number of galaxies in a group; (3): peculiar velocity of the main 
galaxy (km s“'); (4): normalised peculiar velocity of the main galaxy; 
Vpec/cTv; (5): the number of components in 3D in a group, Acompl (6): 
p-value for AD test; (7): p-value of SW test; (8): p-value for kurtosis 
test. 


4.3. Dynamical state of groups 

Table|4]presents the results of the 3D and the ID tests for groups 
with at least ten member galaxies. The number of components 
determined with the 3D normal mixture modelling is denoted 
as A^comp- For the ID test we give the statistical significance 
of the deviations from Gaussianity in their galaxy distributions 
(the p-values: p < 0.05 means statistically highly significant 
deviations from Gaussianity). The p-values for the Anderson- 
Darling and Shapiro-Wilk Gaussianity tests are denoted, corre¬ 
spondingly, Pad and psw- The p-value for the kurtosis test is 
Pkurt- We also give in this table the values of the peculiar ve¬ 
locities and normalised peculiar velocities, Vpec and Vpec.r- The 
uncertainty of the 3D normal mixture modelling was less than 
10“^ for all clusters, we do not show this in the table. 

Table |4] shows that among galaxy groups with Agai > 20 in 
the high-density core of the supercluster seven are multicompo¬ 
nent groups suggesting that these groups are dynamically active. 
Only one group here is unimodal (no. 7). This group lies in the 
outer region of the high-density core of the supercluster. In the 
outskirts of the supercluster there are both unimodal and multi¬ 
modal groups. 

According to the ID tests only two groups have pad < 0.05 
and Psw < 0.05 showing statistically highly significant devia¬ 
tions from Gaussian distribution. Group Gr4952 (no. 3 in Ta¬ 
ble |4|l is located in supercluster high-density core and Grl0224 
(no. 13) in the outskirts of supercluster. 

The two most Gaussian groups with the highest p-values 
from the ID tests in the A2142 supercluster are groups GiT4283 
(no. 12), and Gr26895 (no. 14) located out of supercluster high- 
density core with global density D8 - 7.27 and D8 - 5.91 (Ta- 
bleEJ. 

Only for one group in the high-density core of the super¬ 
cluster (no. 3 with 54 member galaxies in Table |4]i and for one 
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group in the outskirts (no. 11 with 28 member galaxies) both 
the peculiar velocity and the normalised peculiar velocity of its 
main galaxy have lower values than the limits |vpecl < 250km s“’ 
and Ivpec.rl < 0.5, which sugges ts that the main galax y is located 
close to the centre of the group (lEinasto et al.l20l:^ . In all other 
groups the main galaxy has large peculiar and/or normalised pe¬ 
culiar velocity, a possible sign that the groups are still dynami¬ 
cally active. Even group no. 3 with three components is not viri- 
alised yet; here the main galaxy lies in the central component. 


Table 5. Data for the Abell cluster A2142 (Gr3070) components. 


(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

ID 

A^gal 

R.A. 

Dec. 

Dist. 

CTv 

-^dyn 



[deg] 

[deg] 

[Mpc 

[km s“'] 


A2142 

212 

239.5 

27.3 

264.6 

769.0 

906 

Cl 

135 

239.6 

27.2 

266.3 

851.9 

707 

C2 

64 

239.3 

27.5 

262.3 

406.0 

196 

C3 

8 

239.8 

26.9 

254.9 

235.7 

15 



29 


28 


27 

>, 

o 

o 

$ 

26 


25 


24 


Fig. 7. Multimodal group Gr3070 (Abell cluster A2142, no. 2 in Ta¬ 
ble |2}. Upper panel: sky distribution of galaxies in the group, lower 
panel: R.A. vs. velocity (in 10^ kms^') plot; symbols show different 
galaxies belonging to different components as found by Mclust. The 
star marks the location of the main galaxy in the first component, the X 
shows the location of the brightest galaxy in the second component, and 
the cross shows the location of the brightest galaxy in the third compo¬ 
nent. Contours show the surface density distribution of galaxies in the 
whole cluster. 
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4.4. Abell cluster A2142 

In Eig. |2] we show the distribution of galaxies from three com¬ 
ponents detected with Mclust in the Abell cluster A2142 (the 
richest group in the A2142 supercluster, Gr3070). We show also 
the overall density distribution of galaxies in the cluster. We note 


Notes. Columns are as follows: (1): Component ID; (2): the number of 
galaxies in a component; (3-5) R.A., Dec., and distance of a component 
centre; (6): rms velocity of galaxies in a component; (7): the dynamical 
mass of a component, in 


that the orientation of density contour ellipses coincides with the 
orientation of the supercluster axis as determined by groups of 
galaxies (see, e.g. Eig. |6] and the other figures showing sky dis¬ 
tribution of galaxies and groups in the A2142 supercluster). 

The centre coordinates, velocity dispersions, and dynamical 
masses of the components in this group are given in Table|5] Eive 
galaxies do not belong to any component. Table|4]shows that ID 
tests did not detect statistically significant deviations from Gaus- 
sianity, and the reason can be seen in Eig.|7] where the distribu¬ 
tion of galaxy velocities in the components of this group partially 
overlap and cannot be clearly distinguished. 

The main galaxy of the group is located in the centre of the 
main component. In the second and third components the bright¬ 
est galaxy lies near the edge of the component (Eig.|7]i. 


halo that shows signs of merging and sloshing dMarkevitch et al. 

2000 

Forman et al. 2001; lOwers et al. 

Mu 

Rossetti et al. 

2013 

Farnsworth et al.ll2013t Munari et al. 

2014. 

Rossetti et al. 

(I 2 OI 3 

) describe A2142 as a unique cluster with giant radio halo 


where the sloshing occurs at much larger scales compared to 
simulations and to most clusters with sloshing cold fronts, up 
to about 1 /i~^M pc. X-ray studies show a complex substruc - 
ture in this clu ster (lOkabe & UmetsulEoOSUUmetsu et al.ll2009l) . 
iRossetti et al.l (l2013l) suggest that the cluster A2142 shows indi¬ 
cation for a merger mainly along the line of sight, which could 
trigger the radio emission without significantly disturbing the X- 
ray morphology. 

Comparison with the X-ray and radio studies shows that the 
orientation of optical components of the cluster A2142 (Eig. |7]i 
follows the orientation of the radio halo and X-ray substruc - 
ture, as s een, for example, fro m Eig. 14 in lOwers et al.l (1201 ih. 
Fig. 7 in IRossetti et al.l (120131) and Fig. 11 in Farnsworth et al.l 
(l2013l) . In addition, the orientation of the cluster A2142 follows 
the orientation of the whole supercluster. The similarity of ori¬ 
entations is related to the very different scales (approximately 
1-2 Mpc of X-ray and radio haloes, 2.4 Mpc (A2142 
maximum radius) of the cluster itself, and about 50 ' Mpc of 

the full supercluster). 

iMunari et al.l (1201 4|) found that mass profiles of A2142 as 
determined by red and blue galaxies are different. This may be 
due to the different galaxy content of A2142 components. We 
analyse this in a forthcoming paper. 

Several X-ray and other studies studies have found that 
the mass of A214-2 is approximately M - 0 .9 x 10*^/i~*Mf 


(Okabe & Umetsul 2008 

lUmetsu et al. 20091 Woitak & LokasI 

I 2 OIOI; Munari et al. 2014 

;IShan et al.ll2015). Munari et al.l(2014) 


compared several mass estimation methods and concluded that 
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the mass of the cluster is M 200 = 0.875 x (if recalcu¬ 

lated to the Hubble parameter //q = 100 /t km s ' Mpc^', as used 
in our paper); this value is 0.965 ti mes lower than the dv nami- 
cal mass of A2142 as c alculated in Temnel et al.l (l2014bi) . This 
shows that th e masses iniTempel et aTJ (l2014bl) are quite precise. 

Recently. lEckert et al.l(l2014t) reported the discovery of an in¬ 
falling group of galaxies in A2142 at R.A. - 239.75 degrees and 
Dec - 27.41 degrees. Galaxies in this group probably belong 
to the main component of this cluster. Another p ossible merging 
group near the group Grl0570 was detected by iKawahara et al] 

feonli . 


We also calculated stellar masses of galaxies in components 
M,, and the ratios of stellar-to-dynamical masses, /, = M,/Mdyn. 
The ratios /, = 0.013,0.017, and 0.040 in the first, second, 
and third component, respectively. This is in agreement with the 
studies of galaxy groups which have found that stellar mass-to- 
total mass ratio decreases toward higher group masses (see ref¬ 
erences in the previous section). 


5. Discussion and conciusions 

5.1. A2142 supercluster: a collapsing system? 


We applied the spherical collapse model to study the dynam¬ 
ical state of the A2142 supercluster. This mod el has been 
used t o study the superclusters in several papers dSmaUeLaLl 


19981 Gramann & Suhhonenkol l2002l 

Reisenesser et al. 

2000; 

Proust et al.l 2006t 1 Arava-Melo et al.ll2009l: Pearson et al.l 

20i4- 


The spherical collapse model describes the evolution of a spher¬ 
ically symmetric perturbation in an expanding universe. The 
first essential moment in this evolution is called turnaround, 
the moment when the sphere stops expanding together with 
the universe and the collapse begins. The turnaround marks the 
epoch when the perturbation decouple s entirely from the Hubble 
flow o f the homogeneous background. iGramann & Suhhonenkol 
(I 2 OO 2 I) studied the dynamical state of superclusters in differ¬ 
ent ACDM models and showed that at the supercluster scale 
the turnaround is rare. Only a small fraction of superclusters or 
their high-density cores have already reached the turnaround ra¬ 
dius and have started to collapse. In our nearby universe it may 
hav e happened, for example, in the Coro na Borealis superclus- 


ter (ISmall et al.ll998l; Pearson et al.ll2014l). in the Shanlev super- 

cluster dReisenegger et al. 200(1 

Proust et al.||2006|). and in the 

A2199 supercluster (iRines et al.l 

2002h (classified as the mem- 


ber of the Hercules supercluster in lEinasto et al.llT97Ml200l|) . 


The density perturbation in the volume V can be calculated 
as 


= PiPm, 


( 1 ) 


where p - MjV is the matter density in this volume and pm = 
fimPcrit = 3Q.mHQl^7TG is the mean matter density in the local 
universe. Eor a spherical volume V - 47r/3R^, we find that 


Ap = 0.86 X ( 


M 


-)( 


R 


h * Mpc 


( 2 ) 


Assuming = 0.27, as adopted in the present paper, the den¬ 
sity fluctuation can be written as 


Ap = 3.19X 10^'2 


M 


-)( 


R 


h ^Mq Mpc 


)■ 


(3) 


According to the spherical collapse model, if Ap > Apx then 
the perturbed region ceases to expand and begins to collapse. 


The values of turnaro und parame t ers for various cosmological 
models were given in IChon et ^ (l2015h . Eor Qn, = 0.27 and 
Ga = 0.73, the density perturbation at the turnaround point 
is Apx = 13.1. Eor Qm = 1, the density fluctuation at the 
turnaround point is Apx = Qn lA)^ - 5.55 (the density contrast 
dx = Apx - 1 = 4.55) (see also iMartmez & SaadUoOTl) . 

Erom Eq. (|2|l we can estimate the mass of a structure at the 
turnaround point: 

Mx(R) = 1.16 X 10 '^ QniApx {Rlhr^ Mpc)^/E'Mo, (4) 

which gives us 

Mx(R) = 4.1 X 10 '^ {Rlhr^ Mpcfh-^Ms. (5) 

The mass Mj(R) in the Eq. © describes the minimum 
mass needed i n the sphere with radius R for the turnaround 
and collapse ( iGrammn & Suhhonenkol l2002h . We note that 
Planck results presently sugge st Qm = 0.308 + 0.012 

(iPlanck Collaboration et al.ll2015h . which in the flat model leads 
to Apx = 12.0. 

We can use Eqs. @ and © to examine the dynamical state 
of the A2142 supercluster. Table |3] summarises the properties 
of the different global luminosity density regions in the A2142 
supercluster. In Pig. [8] we plot turnaround mass Mj{R) versus 
radius of a sphere R for Gm = 0.27 and for Qm = 0.308, and 
show in the figure both the dynamical and estimated masses of 
different global density regions in the A2142 supercluster. 

In the highest density core of the A2142 supercluster with 
Z)8 > 17 the sum of masses of galaxy groups is Mdyn = 
1.2 X IO'^/i^'Mq, the estimated mass is approximately 10% 
larger (Table O. The radius of this region is » 6 /z ' Mpc. 
Prom Eq. © we find that the density perturbation in the high- 
density core of A2142 supercluster is Ap = 17.85. Eor R = 
6 /!“’ Mpc the minimum mass needed for the turnaround is 
Mj - 0.89 X IO'^/z^'Mq. This suggests that the core region 
in the A2142 supercluster has already reached the turnaround 
radius and started to collapse. 



Fig. 8. Turnaround mass Mi(R) (in units of lO'^/z *Mo) versus radius 
of a sphere R in a spherical collapse model. The solid line corresponds 
to a flat model with fin, = 0.27 and grey dashed line to a model with 
Om = 0.308. Filled circles show the total masses of galaxy groups in 
regions of different global density in the A2142 supercluster (Table O. 
Stars denote estimated masses as explained in the text. The numbers 
show global density lower limits for each region. 
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The radius of the region with D8 > 13 is » 8 /t 'Mpc. 
For this radius, the minimum mass for the turnaround is Mj - 
2.lx lO'^/t^’Mo. The sum of dynamical masses of galaxy groups 
in this region is Mdyn = 1.7 x which corresponds 

to Ap = 10.5. This indicates that this region in the A2142 su¬ 
percluster is very close to the turnaround state. If we add the 
estimated mass of faint groups and the estimated mass of intra¬ 
cluster gas in this region then the mass of the region with global 
density DS > 13 is M^st - 2.1 x lO'^/r^'Mo, sufficient for this 
region for the collapse (Table O. Therefore we cannot exclude 
the possibility that the mass of the whole D8 > 13 region in 
A2142 supercluster is higher than the minimum mass needed 
for collapse. The turnaround radius in the A2142 supercluster is 
Rt » 7 - 8 Mpc. Further investigation of the properties of 
galaxy groups (and filaments) in this region will help to under¬ 
stand the dynamical state of the region. 

The size of the larger region with D8 > 8isf; 10/i 'Mpc. 
The sum of dynamical masses of galaxy groups in this region is 
Mdyn = 2.2 X IO'^/z^'Mq which corresponds to Ap = 7.1. From 
Fig. [8] we also see that the estimated mass of this region is not 
sufficient for this region to collapse. This shows that this region 
in the A2142 supercluster expands together with the universe. 

We can also find masses and radii of two regions in the lower 
density straight tail of the A2142 supercluster around groups 
Grl4283 (12), and Grl0224 (13) and Gr26895 (14). The di¬ 
ameter of both regions is approximately 5 /z ' Mpc: there are 
seven poor groups in the region of Grl4283, and ten poor groups 
near groups Grl0224 and Gr26895. The sums of their dynami¬ 
cal masses are Mdyn - 0.10 x IO'^/z^'Mq in the Grl4283 region 
(estimated mass in this region Mest = 0.18 x IO'^/z^'Mq), and 
Mdyn = 0.30 X lO'^/z^'Mo (Mest = 0.42 x IO'^/z^'Mq) in the 
Grl0224 and Gr26895 region, enough to become bound struc¬ 
tures in the future. 


_ Diinner et al.l (l2006l) . lArava-Melo et al.l (l2009h . and 

iLuparello et al. (120 1 ill studied the future evolution of super¬ 
clusters from observations and simulations and showed that 
superclusters defined above a certain density contrast may 
become virialised systems in the future. Such superclusters 
become more spherical, and clusters in superclusters may merge 
into one cluster. Density contrasts for future viriali sed systems 
for dif ferent cosmological models were calculated in IChon et al.l 
(l2015h who showed that for G,n = 0.27 the density contrast limit 
is Ap = 8.73. Comparison with the density contrasts in regions 
with different global density limits shows that in region with 
Z)8 > 8 the density contrast in this region is Ap = 8.64 if we use 
the value of the estimated mass of this region. Therefore, the 
A2142 supercluster may split into three systems in the future. 
The region with density contrast slightly higher than D8 > 8 
will form one system, and the regions around the group Grl4283 
and around the groups Grl0224 and Gr26895 will form two 
separate systems. 


However, in their analysis the mean length of supercluster spines 
was less than 2 /z * Mpc, which is comparable to the size of the 
smallest galaxy filaments in the A2142 supercluster. So it is not 
clear to which objects from observations their superclusters cor¬ 
respond; _ _ _ _ 

Kolokotronis et al.| (2002h . lEinasto et al.l (l2007al) and 
ICosta-Duarte et alJ (1201 1 ) proposed using several shape param¬ 
eters of superclusters as tests for cosmological models, among 
which the overall shape para meter defined using Minkowski 
functionals and shapefinders. lEinasto et al.l (l2007al) compared 
the asymmetry of superclusters from 2dEGRS catalogue with 
that of superclusters from the Millennium Run simulations 
as characterised by the offset of the geometrical mean centre 
from the dynamical one. They showed that asymmetry of sim- 
ulated supercluster s is ver y close to that of real superclusters. 
ICosta-Duarte et all (1201 Ih found that many superclusters are 
rather planar, although amo ng rich supe r clusters elongated, 
prolate structures dominate. lEinasto et al.l (1201 Id) calculated 
shape parameters for a large number of superclusters. In their 
list, by overall shape according to this parameter the A2142 
supercluster is elongated but not among the most elongated 
superclusters. However, the overall shape parameter does not 
ch aracterise the s t raightn ess of superclusters well. 

lEinasto et al.l (l2007cl) showed that the morphology of the 
richest superclusters from the SDSS DR7 catalogue and Mil¬ 
lenium simulations is different. They found among the richest 
superclusters from simulations some very planar systems, while 
very planar systems are absent among the observed superclus¬ 
ters, and no very dense and straight filament-like systems. How¬ 
ever, in this study the number of superclusters under study was 
too small for s t atistic al conclusions. 

iPark et aP (1201 2l) identified over- and under-dense large- 
scale structures from the SDSS DR7 catalogue. They found that 
the most massive structures are typically filamentary and are of¬ 
ten looping. The richest over-dense structure in the SDSS region 
was the dense part of the Sloan Great Wall, which looks like 
a thick strip of galaxies with a length of about 150 /z ' Mpc. 
On the other hand, the large under-de nse structures are com¬ 
plexes of voids connected by tunnels. iPark et aP (1201 2l) also 
made quantitative comparisons between the observation and the 
mock SDSS surveys performed in the simulated ACDM uni¬ 
verse, using the Horizon Run 2 simulation of struct ure forma¬ 
tion i n a box with a side length of 7200 /z * Mpc (iKim et al.l 
1201 ll) . They found that the largest over-dense structures from the 
ACDM model frequently show massive filamentary structures 
similar to the Sloan Great Wall. In particular, straight filaments 
ar e occasionally fou nd. Eor example, the second panel of Pig. 2 
in iPark et akl (1201 2l) shows a straight filament with a length of 
about 70 /z“' Mpc. It demonstrates that large-volume simulations 
are essential in order to make quantitative comparisons of large- 
scale structures between observations and cosmological models. 


5.2. The shape of superclusters as a test for cosmological 
models 

Recentlv lshim & Leel(l2013l) and lShim et al.l(l2014l) analysed the 
straightness of superclusters in the ACDM model, and in four 
different coupled dark energy models which assume the exis¬ 
tence of dark sector coupling between scalar field dark energy 
and non-baryonic dark matter, and in models which adopted 
modified f(R) gravity. They found that in coupled dark energy 
models supercluster spines are less straight than in the ACDM 
model, and f{R) gravity also affects the shape of superclusters. 


5.3. Clusters, superclusters, and the cosmic web 

Lldeveer & Einastol (Il978h were the first to note that rich galaxy 
clusters are elongated, with axes oriented along the superclus¬ 
ter axis to which they belong. The orientation of g alaxy clusters 
along th e s uperc l uster axis was later discussed in lEinasto et al.l 
(Il980ah . in lOorll (Il983ll . and in iDekel et alJ (Il984ll . These early 
studies showed that the formation and evolution of galaxy clus¬ 
ters and their large-scale environment is related; the align¬ 
ment of clusters along the supercluster axis reflects the ex¬ 
istence of elongated superclusters that form the cosmic web 
(cell structure, as the structure of the Universe was called in 
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these studies). The alignment of the galaxy groups and clus¬ 
ters with the surrounding environments up to distances of about 
30 /r ' M pc has been detected both from obser vations and sim¬ 
ulations (IHopkins et al.l 120051: Paz et al.l l201 iL and references 
therein). Recently. iTemnel & TammI (1201 5h ^monstrated that 
galaxy pairs are aligned along the large-scale filaments where 
they are located. 



Fig. 9. Distribution of distances between cluster A2142 and other 
groups and clusters with 30 galaxies (left panel), and the distribution of 
groups with at least four galaxies in x, y, and z coordinates (right pan¬ 
els). Gr denotes group distributions, ’ran’ the random distribution, and 
’b’ the upper and lower 95% bootstrap confidence limits for the group 
distributions. In the right panels star shows the location of the clus¬ 
ter A2142, red filled circles denote groups and clusters with at least 30 
member galaxies forming the first maximum in the distance distribution, 
and blue empty circles denote groups and clusters that form the second 
maximum in the distance distribution. Grey symbols mark the location 
of other groups and clusters with at least four member galaxies in the 
region. In the lower right panel the rich system at -100 > x Mpc 
and z < -100 Mpc is the Sloan Great Wall. 

This motivates us to analyse the distribution of other rich 
galaxy clusters near A2142. We plot the distribution of dis¬ 
tances to rich clusters with at least 30 member galaxies from 
A2142 cluster, and the distribution of galaxy groups and clusters 
in cartesian coordinates in the region around the A2142 super- 
clus ter up to 340 Mp c where the selections are the small¬ 
est dEinasto et al.l 1201 Icll in Fig. 0 In the left panel we also 
show bootstrap errors of distance distributions, and the com¬ 
parison of the distance distributions with distances to a ran¬ 
dom sample of points found taking into account SDSS mask. 
Interestingly, we see in the distance distribution two maxima, at 
120 - 130 Mpc, and at 240 Mpc. The first maximum is 
formed by galaxy groups and clusters in the superclusters across 
the void between the A2142 supercluster and nearby superclus¬ 
ters, the Bootes supercluster among them. Galaxy groups in the 
Sloan Great Wall and in other rich superclusters cause a maxi¬ 
mum at distances D 240 Mpc. Early studies of superclus¬ 
ters and of the supercluster-void network have already demon¬ 
strated the presence of a characteristic scale of ab out 120 - 130 
* Mpc in th e distributi on of rich superclu sters dEinasto et alJ 
11994 [l997bllal) . Recently iHong et ^ i2012h detected this scale 
in the correlation function of a large sample of galaxy clusters. 

The scale of the first maximum is close to the well- 
known scale of the baryonic acoustic oscillations (BAG). 
Planck results of the CMB anisotropies determine the scale 
of acoustic oscillations - 109 Mpc with high accuracy 

( jPlanck Collaboration et al.ll2013h . Could it be that the distribu¬ 
tion of galaxy groups and clusters plotted in Fig. 0 mark the lo¬ 


cation of the local BAO shells, as described in lArnalte-Mur et ^ 

d2012b ? 

The location of the maximum differs from the location of 
the BAO scale. The maximum in the distributions of distances 
of groups and clusters is wide, so it is not yet clear whether our 
results are in tension with the strictly fixed BAO scale. Further¬ 
more, BAO shells are barely visible in the distribution of galax¬ 
ies and their density contrast is rather low, while in our case the 
clusters that cause the distance maxima are located in rich su¬ 
perclusters, the richest galaxy system in the local Universe, the 
Sloan Great Wall among them. The A2142 supercluster itself 
marks the highest luminosity density value in the whole SDSS 
area. This suggests that we might be dealing with a different phe¬ 
nomenon. In a forthcoming paper we will search for character¬ 
istic scales in the distribution of galaxy groups and clusters in 
mo re detail. 

lEinasto et al.l (1201 lalfbh and ISuhhonenko et al.l (1201 Ih 
showed how the density waves of different scales affect the rich¬ 
ness of galaxy systems. Rich galaxy clusters and high-density 
cores of superclusters form in regions of high environmental 
density, where positive sections of medium- and large-scale 
density perturbations combine. The most luminous groups 
and clusters from observations and simulations are located 
in high-density regi o ns, of t en in c ores of rich superclusters 
(lEinasto et alJ 120031 1200.51 l20 1 2ah. which a re ideal place s 
to study cluster merging (iRose et al.l 120021 : [Bardellil l2004l) . 
Matter flows to regions of deep potential wells where the 
richness and sizes of galaxy groups and clusters increase via 
merging. Syncronisation of the orientations of galaxy clusters 
and supercluster axes occurs as a result of these processes. The 
A2142 supercluster with its collapsing core and multimodal 
galaxy groups and clusters is a very good example of these mul¬ 
tiscale processes both in the high-density core and low-density 
outskirts. 

5.4. Summary 

Summarising, our results are as follows. 

1) Rich galaxy groups and clusters in the A2142 supercluster 
lie along an almost straight line. Morphologically A2142 su¬ 
percluster resembles a rich and straight filament with a high- 
density spider-like core. 

2) Most of the rich groups in the supercluster are concentrated 
in the high-density core region with Z)8 > 13. The outskirts 
of the supercluster is populated mostly by poor groups. 

3) The fraction of stellar mass in the A2142 supercluster is 
about 1 - 2% of the total mass, being slightly higher in the 
outskirts of the supercluster. 

4) In the high-density core seven out of eight rich galaxy groups 
with more than twenty galaxies are multimodal. 

5) The richest cluster of the supercluster, Abell cluster A2142 
has an elongated shape; the orientation of the cluster axis 
follows the orientations of its X-ray substructures and radio 
halo and it is aligned along the supercluster axis. 

6) The high-density core region in the A2142 supercluster with 
global density D8 >17 and probably also with D8 >13 has 
reached the turnaround radius and started to collapse. 

7) The A2142 supercluster with its high-density, collapsing 
core and long filament-like tail with two density enhance¬ 
ments may split into several systems in the future. 

The A2142 supercluster with its collapsing core and straight 
body, in which the richest clusters are aligned along the super¬ 
cluster axis, is an unusual object among galaxy superclusters. 
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We plan to continue our studies of the A2142 supercluster with 
the analysis of the galaxy content of the supercluster. We also 
will search for possible collapsing high-density cores in other 
superclusters, and will study the morphological properties and 
search for collapsing superclusters from simulations. Such stud¬ 
ies help us to understand the role of the dark matter and dark 
energy in the formation and evolution of the galaxy superclus¬ 
ters, the largest structures in the cosmic web. 
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